Pancreatic cancer is the fourth leading cause of cancer death in the United States. The microenvironment of pancreatic cancer could be one of the "perfect storms" that support the growth of a cancer. Indeed, pancreatic cancer may be the poster child of a problem with the microenvironment. In this article, we review the rationale and attempts to date on modifying or targeting structural proteins in the microenvironment including hyaluronan (HA) (in primary and metastases), collagen, and SPARC (secreted protein, acidic, and rich in cysteine). Indeed, working in this area has produced a regimen that improves survival for patients with advanced pancreatic cancer (nab-paclitaxel + gemcitabine). In addition, in initial clinical trials, PEGylated hyaluronidase appears promising. We also review a new approach that is different than targeting/destroying the microenvironment and that is orchestrating, reengineering, reprogramming, or normalizing the microenvironment (including normalizing structural proteins, normalizing an immunologically tumor-friendly environment to a less friendly environment, reversing epithelial-to-mesenchymal transition, and so on). We believe this will be most effectively done by agents that have global effects on transcription. There is initial evidence that this can be done by agents such as vitamin D derivatives and other new agents. There is no doubt these opportunities can now be tried in the clinic with hopefully beneficial effects.
D espite decades of basic and clinical research, effective therapies for the treatment of pancreatic ductal adenocarcinoma (PDAC) remain 1 of the greatest unmet clinical needs in oncology today. Currently, PDAC accounts for approximately 7% of all cancer-related mortality and has the lowest 5-year survival rate among all cancer types in the United States. 1 Pancreatic ductal adenocarcinoma is currently the fourth leading cause of death from cancer in the United States with about 46,400 people diagnosed and about 39,500 dying of the disease each year. 1 Worldwide it will claim more than 300,000 lives this year. 2 It is projected that by 2030, pancreatic cancer will become the second leading cause of cancer-related death in the United States. 3 Improved strategies for early detection and for treatment of PDAC are desperately needed.
The poor survival rate we currently observe is the result of multiple contributing factors, including lack of effective preventive or early detection measures; both intrinsic and acquired tumor chemoresistance; high rates of unresectable, metastatic disease in patients at diagnosis; and multiple other factors. In this article, we focus on the tumor microenvironment as a particular challenge in pancreatic cancer. The microenvironment is generally defined in biology as the immediate small-scale environment of an organism, or part of an organism that is a distinct part of a larger environment. While the microenvironment was initially thought to be tumor cells and supportive protein such as collagen, HA, and so on, it is now known to be composed of (a) tumor cell component; (b) a stromal component characterized by a high intratumor pressure that results in relative hypoxia and also acts as a barrier to large molecule penetration; (c) an immunologic environment (with at least myeloidderived suppressor cells, and regulatory T cells that is "tumor friendly" and conductive to tumor cell survival); (d) an adapted metabolism in which malignant epithelial cells consume protein (in the form of albumin) and lipids as a source of energy 4, 5 ; (e) an invasive epithelial-to-mesenchymal transition (EMT) and metastatic phenotype; and (f) an aggressive tumor stem cell compartment that, owing to its unique inherent resistance, becomes enriched after conventional cancer treatment. 6 As will be noted in the following sections, the initial attempts on changing the microenvironment have been directed at directing cytotoxics to the microenvironment, and this approach has met some success in improving survival. 7 However, additional science is driving different approaches to exploit new findings regarding the microenvironment and how to "orchestrate" the microenvironment. But first we will start at the general level of desmoplasia.
DESMOPLASIA IN TUMOR MICROENVIRONMENT AND THERAPEUTIC APPROACHES
Fibrosis (or desmoplasia) at the primary tumor site is recognized as a common feature of pancreatic cancer and is thought to contribute to chemoresistance and other bad behavior of PDAC. 8 Desmoplasia utilizes many of the signaling pathways commonly featured in the normal wound-healing process. In PDAC, however, these pathways are conscripted to promote tumor growth, leading to reduced drug uptake and reduced patient tumor responses. 9, 10 In patient outcomes, however, tumor metastasis is a primary cause of patient death in many PDAC patients. We need to know the status of desmoplasia in the metastases to effectively target them. 11, 12 It has been proposed that therapeutics targeting desmoplasia may synergize with chemotherapeutics targeting tumor cells. 7, [13] [14] [15] [16] While primary pancreatic tumors are known to be desmoplastic, whether metastatic lesions are also desmoplastic had not been determined. We recently reported on an analysis of a cohort of PDAC patients in which we saw a negative correlation between PDAC patient survival and the presence of markers of desmoplasia in their tumors. 17 We also compared levels of markers of desmoplasia in both primary tumors and metastatic lesions and found both to be elevated.
A key player in the development and maintenance of desmoplasia is the pancreatic stellate cell. In the development of PDAC, the pancreatic stellate cells transform from vitamin A-and lipid-storing cells and begin to secrete transforming growth factor β (TGF-β), as well as platelet-derived growth factor. These key changes result in the induction of transcriptional programs that mediate increased extracellular matrix (ECM) synthesis. 18, 19 It is thought that these desmoplastic changes, including ECM synthesis, in pancreatic tissue result in vascular and lymphatic dysfunction. Blood vessel compression may mediate altered interstitial fluid pressures resulting from tissue solid stress. 15, 20 These key features are thought to contribute to the poor drug penetration that has been observed in PDAC. Olive and colleagues 21 report significantly reduced uptake of doxorubicin in pancreatic tissues in a genetically engineered mouse (KPC) model for pancreatic cancer. In addition to vascular dysfunction, they reported observing significant hypovascularity in PDAC, resulting in 75% loss of vessel density in PDAC tissues compared with normal pancreas. 21 In a prior report, Duda and colleagues 22 demonstrated that activated fibroblasts accompanied tumor cell intravasation and promote metastatic dissemination. This report was among the first to demonstrate that metastatic sites may also be desmoplastic. If metastatic lesions are also fibrotic niches that foster tumor growth, as primary tumors certainly are, then one might reasonably expect that the metastatic niche is also innately drug resistant by virtue of this same physiological mechanism. Because of these observations, we ought to understand fully the nature of metastatic desmoplasia if we are to understand how best to address it therapeutically, including components such as HA, collagen, or signaling pathways such as TGF-β. We will now examine some of the various components of desmoplasia.
Hyaluronan
Hyaluronan is the protein-free polysaccharide found in many tissues throughout the body, with higher concentrations found in the cartilage, skin, eyes, and especially in synovial fluid. Hyaluronan binds multiple water molecules, enhancing volume, rigidity, and viscosity of fluids. In normal tissues, HA is maintained through a balance of HA synthase (HAS) and hyaluronidase activities. Considering its main cellular functions, many had long thought that HAwas molecularly inert. With new understanding of the role of the hyaladherins, as well as the HA-binding receptors, CD44, and the receptor for HA-mediated motility (RHAMM), it is now clear that HA plays a much more direct role in regulating many biological processes including cell adhesion, proliferation, and migration, as well as cell invasion and recruitment of neutrophils into the tumor bed.
Hyaluronan levels appear to be elevated in many cancers, including in PDAC, and it often localizes to the stromal compartment of tumor tissues. Hyaluronan has been shown to be involved in the invasion of PDAC cells in experiments demonstrating HA synthesis at the invasive front of expanding tumors. 23 Bertrand and colleagues 23 report a more than 4-fold increase in HA deposition at the invasive tumor front relative to the adjacent normal tissues. Hyaluronan binding to CD44 promotes tumor migration of colon, breast, and brain cancer cells. In addition, it appears that the level of HA correlates with tumor migration and proliferation indices in breast or ovarian cancer. Induction of expression of the HAS, HAS1, also increases cellular proliferation rates. While studies are ongoing to determine the utility of HAS1 as a biomarker, HA levels may prove to be a suitable biomarker in several cancers including bladder cancer. As HA and HAS1 levels appear altered in multiple disease states, it seems that a balance of HAS and hyaluronidase activities is necessary to maintain the normal tissue homeostasis and function of HA.
Elevated levels of HA have been observed in several malignancies including pancreatic and gastric cancers, as well as in breast and bladder cancers. [24] [25] [26] [27] In a recent report, we demonstrated that HA negatively correlates with the survival of patient with PDAC. 17 Prior studies revealed that HA synthesis can be regulated by corticosteroid administration. For example, cortisol reduced the expression of HA by HAS by 50% in smooth muscle cells. Indeed, Gebhardt and colleagues 28 report that HA levels decreased by 50% following topical administration of the corticosteroid dexamethasone. Unfortunately, research of the effects of corticosteroid treatment on HA deposition in solid tumors is limited. Further study may be needed to fully understand its capabilities in solid tumor treatments.
Additional agents that have been reported to inhibit the production of HA by HAS include 4-methylumbelliferone (MU). 4-Methylumbelliferone reportedly synergizes well with gemcitabine in cancer cell lines, with little activity as a single agent. One interesting observation made by Yoshihara and colleagues 29 was that MU could decrease the incidence of metastasis in in vivo models for melanoma. 4-Methylumbelliferone also shows activity against squamous cell carcinoma, and prostate and esophageal cancer cell lines, reducing proliferation and migration. 4-Methylumbelliferone (also known as hymecromone) is used clinically as a choleretic and antispasmodic and is sold under multiple commercial names in countries throughout the world (e.g., Adesin C in Japan). It has entered clinical trials in the United States for chronic hepatitis infections (clinicaltrials.gov, NCT00225537), but results from its phase II trial have gone unreported and are unclear. Yet MU is the subject of multiple recent publications and represents an active area of continuing research. 30, 31 While inhibiting its synthesis has been one approach, promoting breakdown of HA has also been an area of active research too. The hyaluronidases, which include 6 gene isoforms including HYAL1, HYAL2, HYAL3, HYAL4, PHYAL1, and PH20, balance HA levels and overproduction by catabolizing HA to monosaccharides and disaccharides, and smaller HA fragments, acting much as endo-β-acetyl-hexosaminidases. HYAL1 and HYAL2 are the most active, catabolizing as much as 30% of total HA each day in mammals. Hyaluronidase treatment has been proposed as a means to enhance degradation of HA overproduction and accumulation. Administration of hyaluronidase has been shown to synergize well with chemotherapeutics, in multiple tumor types, including pancreas, breast, and brain tumors, as well as in melanoma and sarcoma. The synergy is thought to arise from enhanced penetration of drugs gained following reductions of intratumoral pressures brought on by reduction in HA levels. In some models, the HA degradation may affect the signaling mediated by HA receptors such as CD44.
In preclinical models, hyaluronidase appears to decrease innate chemoresistance in spheroid culture tumor models, enhancing drug penetration and efficacy. 32 In xenograft models, additional reports demonstrate enhanced doxorubicin penetration in hyaluronidasetreated tumors. 33 These improvements in penetration can exceed 15-fold enhancement in intratumoral concentrations of drugs such as melphalan. 34 These results are particularly encouraging as enhancing intratumoral drug concentrations is a continual battle in the effort to maximize both the efficacy and pharmacokinetic properties of drugs. This effort represents an approach, independent of any particular drugs' properties, which may enhance overall efficacy in a variety of conditions in patients.
Early pilot clinical trials used bovine hyaluronidase in efforts to modulate HA levels in patients. Some of these clinical trials are reviewed in Baumgartner's 35 report. One recurring observation was that despite its limitations, hyaluronidase enhanced efficacy in a variety of trial designs. One study demonstrated enhanced activity in the combination of vinblastine and hyaluronidase in Kaposi sarcoma, resulting in reduced recurrence when compared with vinblastine alone. 36 Reduced recurrence was also reported by another study looking at carboplatin and etoposide treatment in brain malignancy. 37 With a short infusion of hyaluronidase, there was a significant improvement of event-free survival and overall survival. Lastly, this synergism was also seen in patients with bladder cancer where intravesical administration of bovine hyaluronidase reduced recurrence from 32% to 7% with the addition of hyaluronidase (P < 0.05). 38 One particular limitation of bovine hyaluronidase has been the development of allergic reactions to this enzyme of bovine origin. As many as 32% of patients were reported to be preimmune to bovine hyaluronidase formulations, resulting in various inflammatory responses, including anaphylaxis. 35 Patients who do not already possess cross-reacting antibodies prior to treatment quickly develop antibodies that may preclude any chronic usage of a bovine hyaluronidase-containing regimen.
A recombinant, human hyaluronidase was recently developed (Hylenex) to alleviate some of the major shortcomings of bovine hyaluronidase. Some of the early clinical studies demonstrated that recombinant hyaluronidase did not induce allergic reactions in healthy volunteers following intradermal administration. 39 Hylenex is now Food and Drug Administration approved for improved dispersion and delivery of various injectable drugs. 39 Recombinant hyaluronidase is currently in clinical trials for multiple indications, including a partially randomized phase I/II trial in patients with newly diagnosed metastatic pancreatic cancer (clinicaltrials.gov, NCT01959139). As HA is synthesized in many locations in the body and used in many normal functions, development of adverse effects such as joint pain has been of particular concern. One report had suggested that inflammation or pain in joints was controlled and alleviated with administration of corticosteroids. 39 In the completed clinical trial of single-agent pegylated recombinant hyaluronidase, PEGPH20 (at 50 μg/kg), there was grade 3 muscle/ joint pain, whereas doses of 0.5 and 0.75 μg/kg appeared to be well tolerated. 40 Because of its elevated levels and its role in desmoplasia in PDAC, HA is currently being pursued as a drug target in clinical trials in patients with advanced PDAC (clinicaltrials.gov, NCT01839487). The initial results of a randomized clinical trial of nanoparticle paclitaxel + gemcitabine, with or without pegylated hyaluronidase PEGPH20, have just been reported, and tumors with high hyaluronic acid levels appear to confer a longer survival after treatment with the triple-drug regimen. The overall results of that important trial are still pending. 41 There has been considerable controversy as to whether compression of the tumor vasculature is caused by HA-induced fluid pressure or by solid tissue stress. 15, [42] [43] [44] However, it is fair to say that HA is a reasonable candidate for therapeutic intervention.
Collagen
Collagens I, III, and IV are expressed and deposited at high levels in PDAC. As a major component of desmoplasia, collagens too have been pursued as a potential target in the development of stromal targeting agents ( Table 1) . [45] [46] [47] [48] [49] [50] [51] [52] [53] Tumor collagen levels have been shown to correlate negatively with macromolecule penetration. 54 In U87 (glioblastoma) and LS174T (colon adenocarcinoma) xenograft tumor model studies, Netti and colleagues 10 demonstrated that high collagen levels were associated with significantly decreased diffusion of macromolecules, such as immunoglobulin G antibodies, resulting in 2.1-fold decreases in diffusion coefficients in high versus low collagen content models. Importantly, when collagenases were added to the model system, the decrease in diffusion in high collagen content tumors was abrogated. This and other reports found that collagen content directly impacts diffusion rates and suggested that other stromal macromolecules may also be perturbed in high collagen content tumors.
Collagens can act functionally through interaction with integrins. Integrin subunit expression has been shown to be dysregulated in some cancers. Integrin receptors, such as α v β 3 , α v β 6 , and α 6 β 4 , are thought to be involved in cancer progression. [55] [56] [57] In addition to signaling via integrin association in cancer, collagens can function in a similar fashion to HA by decreasing penetration of macromolecules into tumor tissues, presumably resulting in poor drug penetration and patient outcomes in PDAC.
In a prior report, Erkan and colleagues 58 reported that there existed a positive correlation between patient survival and collagen deposition. The difference in observations made by Erkan et al 58 and our report, which found that high collagen levels in patients' tumor were associated with poor patient survival, 17 might be explained by their use of the aniline blue dye, which captures all collagens and our use of the collagen-or HA-specific antibodies. It may
TABLE 1. Potential Roles of Collagen in Pancreatic Cancer Biology and Therapeutic Intervention

Finding References
Collagen I allows pancreatic cancer cells to override checkpoint arrest induced by gemcitabine, i.e., collagen I promotes gemcitabine resistance in pancreatic cancer. 45 Losartan (an angiotensin II receptor antagonist with antifibrotic activity) induced inhibition of collagen I synthesis (and enhanced the penetration and efficacy of nanotherapeutics [e.g., Doxil] in pancreatic cancer models. 46 Pancreatic cancer cells grown in 3D collagen gels induced Snail expression, which resulted in matrix metalloproteinase (MMP)-dependent invasion. This work also indicated that the Snail induction accelerates EMT. 47 Collagen I promotes metastasis in PDAC by increasing motility and EMT. 48 Relaxin, used to up-regulate matrix-degrading enzymes (MMPs), decreased the length of preexisting collagen fibers and decreased relative diffusive hindrance in the tumor. 49 Pancreatic cancer cells adhering to ECM proteins including collagen grew better and were more resistant to therapies. 50 Inhibition of collagen signaling reduces PDAC tumor growth (particularly in SPARC-deficient mice). Collagen can drive EMT. 51 Collagen I supports the maintenance of ALDH + pancreatic cancer stem cells. 52 Treatment with an angiotensin II receptor blocker, candesartan (also known to inhibit TGF-β signaling and collagen synthesis), improves activity of gemcitabine in a genetically engineered mouse model. 53 The Cancer Journal • Volume 21, Number 4, July/August 2015 Orchestrating the Microenvironment even suggest that loss of specific collagen subtypes may account for the overall reduction in collagen level Erkan and colleagues found associated with the poor survival cohort. Another explanation for difference in findings might be found in the treatments that the patients received that may have altered the collagen deposition that was observed at the time of resection. Our more recent findings 17 indeed suggest that surrogate markers of desmoplasia are observed in metastatic lesions of PDAC. Considering multiple sites of metastasis, it appears that both primary tumors and metastatic lesions show comparable levels of desmoplasia, including high levels of collagens I, III, and IV. Our data from patient-matched primary and metastasis samples are consistent with the notion that high levels of desmoplasia are observed in both primary tumors and metastatic lesions. Acquisition of pretreatment and posttreatment tissue samples or biopsies would allow an analysis of the effects of treatment on the deposition of ECMs in the course of chemotherapeutic intervention. As we looked only at excised tissue samples, our data reflected most directly the retention of ECMs following treatment. However, our data, taken together with studies demonstrating a negative correlation between ECMs such as collagen and the penetration of macromolecules, suggest that patients with fibrotic primary tumors and metastatic lesions would benefit from therapies targeting the tumor stroma. 54 The cellular lineage of the myofibroblasts giving rise to desmoplasia in PDAC is not entirely clear, although it has been suggested that they arise from the primary tumor. 22 Certainly, in the liver, where PDAC commonly metastasizes, desmoplasia is also a recognized feature of tumors arising spontaneously. Our data suggest that the noncell autonomous tumor-signaling mechanisms that give rise to desmoplasia appear to be retained postmetastasis. A recent study by Suetsugu et al 59 demonstrates that stellate cells could accompany pancreatic cancer cells to distant metastatic sites.
Besides ECM deposition and desmoplasia, collagen has also been shown to play an important role in EMT and metastasis (Table 1 ). For instance, Shields et al 47, 60 reported that collagen induces the expression of Snail gene, which in turn accelerates EMT. In addition, Collagen I was reported to support the maintenance of ALDH + pancreatic cancer stem cells (Table 1) . 52 There have been a few attempts to decrease collagen production. These have included losartan, relaxin, and candesartan (Table 1) .
TGF-β Signaling
Increased TGF-β expression has been observed in multiple cancers, including breast, lung, hepatocellular, and pancreatic cancer. Importantly, TGF-β expression has been correlated with tumor metastasis and progression and poor outcomes in patients. 61 In prior reports, it has become clear that TGF-β maintains both tumor suppressing and promoting effects, depending on the model. 62 Some have suggested that TGF-β is initially tumor suppressive, but becomes promoting as the stage of disease progresses. 61 Transforming growth factor β and its protein family members have been associated with aggressive and invasive tumors, as well as associated with the activation of the stellate cell that leads to pancreatic desmoplasia. Family member proteins are multifunctional and are known to be associated with a variety of different functions, including immune cell regulation, migration, and cell proliferation. 63 The TGF-β family of ligands includes TGF-β1, TGF-β2, and TGF-β3. Transforming growth factor β-mediated signaling propagates through 1 of 3 TGF-β receptors (TGF-βRI to TGF-βRIII) and Smad signaling proteins. In many cases, TGF-β binds to a heterodimer of TGF-βRI and TGF-βRII.
Smad4/DPC4 has been reportedly inactivated in more than 50% of pancreatic tumors. The apparent discrepancy between the correlation of TGF-β and poor outcomes in patients and the finding that Smad4/DPC4 is inactivated in the cancer cells of the majority of PDAC patients suggests that SMAD4-independent pathways play an important role in the progression of some tumors. 64 Wild-type Smad4/DPC4 appears to be associated with decreased invasion and improved outcomes in patients. 65, 66 Some of the Smad-independent TGF-β signaling pathways that have been reported include Ras, PI3K, RhoA, and MAP3K1. [67] [68] [69] [70] Some of the early findings on the role of TGF-β in cancer came from tetracycline-inducible transgenic MMTV-TGF-β mouse models. In their report, Muraoka-Cook and colleagues 71 found a 10-fold enhanced rate of lung metastases following oncogenic transformation FIGURE 1. The effects of TGF-βRI inhibition on tumor stroma in tumor-bearing LSL-KrasG12D/+;LSL-Trp53R172H/+;Pdx-1-Cre (KPC) mice. Mice bearing pancreatic tumors with volumes of at least 100 mm 3 were randomized into the 1 of the following treatment groups: vehicle, gemcitabine (80 mg/kg, every 3 days Â 4, i.p.) or gemcitabine + LY2157299 (75 mg/kg, twice a day, orally). Upon completion of treatment, mice were killed, and tissues were harvested, formalin fixed, and embedded into paraffin. Collagen I was assessed in the tumor tissues with standard immunohistochemistry techniques. The hematoxylin-eosin staining (top panel) shows decreased stromal content in the tumor tissues treated with the combination compared with the gemcitabine-only-or vehicle-treated tumor tissues. Collagen I staining (bottom panel) was also shown significantly decreased in the combination treatment compared with the gemcitabine only or vehicle treatment.
by MMTV-PyVT expression and TGF-β induction. Despite the worries that the pleiotropic nature of TGF-β may preclude therapeutic development and intervention, at least in cancer, some initial studies report that might not be the case. [72] [73] [74] Of note, TGF-β haploinsufficiency itself can inhibit excessive fibrosis and progression of precancerous lesions in preclinical models of pancreatic cancer. 75 We recently assessed the effects of the TGF-βRI inhibitor, LY2157299, on tumor stroma using a genetically engineered mouse model for pancreatic cancer. As shown in Figure 1 , tumors in mice treated with the combination of LY2157299 and gemcitabine showed a marked reduction in overall stromal content; hematoxylin-eosin staining, top panel) and collagen I deposition (bottom panel) when compared with vehicle-treated mice or gemcitabine-only-treated mice. Our results suggest that TGF-βR inhibition may be an effective means of ameliorating the effects of desmoplasia in pancreatic cancer, which may in turn improve the efficacy of current treatment regimens. With these findings, TGF-β antagonists are currently under investigation as therapeutic agents in a variety of indications (e.g., galunisertib [LY2157299], clinicaltrials.gov, NCT01373164), including hepatocellular carcinoma, pancreatic cancer, or myelodysplastic syndromes.
Epithelial-To-Mesenchymal Transition
Additional hypotheses to address problems associated with desmoplasia include targeting EMT that is induced by TGF-β expression and secretion by cancer-associated fibroblasts (CAFs). It is generally understood that mesenchymal cells are generally more resistant to drug treatment than epithelial cells. Indeed, erlotinib resistance in head and neck squamous cell carcinoma is correlated to increased Zeb-1 expression and decreased E-cadherin expression. Increased Zeb-1 and decreased E-cadherin are classic markers of EMT, and these changes follow TGF-β ligand binding and signal transduction. 76, 77 Targeting EMT may prove to be a viable approach as multiple studies have shown improved antitumor efficacy, such as with the mucin-reactive PAM4 antibody or with the secreted clusterin-reactive antibody AB-16B5 (clinicaltrials. gov, NCT02412462). [78] [79] [80] Secreted Protein, Acidic, And Rich In Cysteine SPARC (secreted protein, acidic, and rich in cysteine) is an albumin-binding protein that is overexpressed in multiple types of cancer. [81] [82] [83] SPARC expression noted in the stroma in pancreatic cancer but not in tumor cells has been associated with poor survival. [84] [85] [86] It has been noted that nanoparticle albumin (nab) paclitaxel had shown clinical antitumor activity in several cancer types that overexpressed SPARC. 87, 88 In a 66-patient pilot trial combining nab-paclitaxel with gemcitabine, an overall response rate (complete plus partial response) of 45% was noted with a median survival of 11.2 months and a 1-year survival of 48%. 16 In that trial, the expression of SPARC in the stroma but not in the tumor was correlated with improved survival.
In a multicenter, multiple-country, 861-patient randomized trial of nab-paclitaxel + gemcitabine versus gemcitabine as a single agent, the 2-drug regimen gave a response rate of 23% versus 7% (with the single-agent gemcitabine), median survival of 8.5 months versus 6.7 months (hazard ratio, 0.72, P < 0.001), and 35% survival at 1 year versus 22%, 9% versus 4% at 2 years, and 4% long term (>3 years) for that combination versus 0% on the gemcitabine-alone control arm. 7, 89 Hidalgo and colleagues 90 utilized a different antibody treatment to determine if the presence of SPARC by immunohistochemistry predicted for survival with the nab-paclitaxel + gemcitabine regimen. Despite confirming the results of the pilot trial, 16 Hidalgo and colleagues 90 could not find an association between SPARC levels and efficacy in patients with metastatic pancreatic cancer enrolled in this definitive 861-patient study (although only 256 patients had enough specimen to have stromal SPARC be evaluated).
In summary, although finding SPARC in pancreatic cancer led to evaluation of nab-paclitaxel because it was believed that SPARC in the tumor stroma would cause accumulation of nab-paclitaxel in the tumor, a very large study did not confirm that to be the case. We are grateful, however, that the nabpaclitaxel + gemcitabine has now become one of the standard of care regimens for patients with advanced pancreatic cancer.
Of special interest is a follow-up trial by Alvarez and colleagues. 91 In that trial using endoscopic ultrasound elastography on patients with advanced pancreatic cancer treated with nabpaclitaxel + gemcitabine, they noted a decrease in stiffness of the tumor and on biopsies noted decreases in density of CAFs as well as decreased and disorganized collagen. Their conclusion was that nab-paclitaxel + gemcitabine regimen caused a remarkable alteration of cancer stroma that resulted in "tumor softening." 91 
AN ENTIRELY DIFFERENT APPROACH TO THE TUMOR MICROENVIRONMENT
As noted earlier, the tumor microenvironment has many components. It is very tough to know how one is going to be able to "control" the various components of the microenvironment including (at least) (a) tumor cells, (b) stroma, (c) a tumor-friendly immune environment, (d) a special adapted metabolism, (e) the invasive EMT phenotype, and (f) an aggressive tumor stem cell compartment.
In a recent study, Ozdemir and colleagues 92 demonstrated that depletion of CAFs in a genetically engineered mouse model for PDAC actually induced immunosuppression, accelerated tumor progression, and reduced survival. In a second study, Rhim et al 93 showed that although deletion of sonic hedgehog (Shh) in the KPC mouse model resulted in reduced stromal content, it also induced more proliferative and aggressive tumors. These findings suggest that complete destruction or early inhibition of some components of the tumor microenvironment can potentially promote tumor growth.
One way our team and others 94, 95 are beginning to think about targeting the microenvironment is that instead of using a "brute force" destruction of the microenvironment, the microenvironment needs to be returned to normalcy, or reengineered FIGURE 2. Conceptualization of utilizing therapeutics to orchestrate or reengineer the microenvironment to a state of normalcy.
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Orchestrating the Microenvironment or "orchestrated" to a normal-like state (immunologically and otherwise). Figure 2 details how we conceptualize this approach to reach normalcy-which is very much like "tuning" on an amplifier. Some of the potential therapeutics being considered to restore normalcy (of the entire microenvironment as well as specific aspects of the microenvironment) are outlined in Table 2 94, [96] [97] [98] [99] [100] [101] [102] [103] As outlined in the table, there are some agents such as the vitamin D analog described by Sherman et al, which clearly is a step toward 1 agent restoring the entire pancreatic cancer microenvironment to a state of normalcy. For example, a vitamin D derivative can decrease interleukin 6, decrease CXCL12, decrease collagen, reverse EMT, profoundly increase tumor infiltration of CD8 + cells, and sensitize to the agent gemcitabine. 94 As also noted in Table 2 , the bromodomain inhibitors are likely to be able to restore that of normalcy. Our working hypothesis is that many of the agents will work by manipulating global transcriptional control (through interactions between superenhancers and transcription factors).
In summary, we believe many of the approaches outlined in Table 2 have an opportunity to have multiple beneficial effects on the tumor microenvironment (hence drive it to normalcy).
CONCLUSION
To try to improve survival for patients with pancreatic cancer, multiple investigators are trying to target the microenvironment. It appears that the first attempt to do that with the use of the nabpaclitaxel (originally thought to target SPARC to deliver paclitaxel to the microenvironment-and now we are less sure of that) did improve survival. It does appear that the nab-paclitaxel + gemcitabine does decrease the presence of CAFs as well as "soften the tumor" as measured by magnetic resonance imaging elastography in patients. The tumor is also less fibrotic on histopathology, There are additional methods being developed to try to decrease HA and collagen in the microenvironment, hoping for greater delivery of therapeutics. The pegylated hyaluronidase is beginning to show some promise in the area.
However, the use of compounds such has vitamin D derivatives, bromodomain inhibitors, and so on appears to be the future direction for trying to "orchestrate" the microenvironment into a more normal state (rather than just trying to destroy it). These agents can give global transcriptional control (probably via interactions with superenhancers), which gives a whole new approach to the microenvironment. There is promise that one can turn the tumor microenvironment from a tumor supportive one to a nonsupportive one. Ongoing clinical trials are carefully testing that hypothesis. Decrease myeloid-derived suppressor cells and regulatory T cells 103 Reversal of EMT TP0903 AXL inhibitor In development
